Prefrontal cortical executive functions comprise a number of cognitive capabilities necessary for goal directed behavior and adaptation to a changing environment. Executive dysfunction that leads to maladaptive behavior and is a symptom of psychiatric pathology can be instigated or exacerbated by stress. In this review we survey research addressing the impact of stress on executive function, with specific focus on working memory, attention, response inhibition, and cognitive flexibility. We then consider the neurochemical pathways underlying these cognitive capabilities and, where known, how stress alters them. Finally, we review work exploring potential pharmacological and non-pharmacological approaches that can ameliorate deficits in executive function. Both preclinical and clinical literature indicates that chronic stress negatively affects executive function. Although some of the circuitry and neurochemical processes underlying executive function have been characterized, a great deal is still unknown regarding how stress affects these processes. Additional work focusing on this question is needed in order to make progress on developing interventions that ameliorate executive dysfunction.
Introduction
Executive function comprises several top-down cognitive processes that are necessary for everyday adaptive behaviors, such as the need to pay attention and concentrate, plan a course of action, adapt to unforeseen events, or control impulsive behaviors that are not appropriate to the situation (Barnes et al., 2011; Diamond, 2013; Leh et al., 2010; Logue and Gould, 2014; Robbins and Arnsten, 2009 ). These cognitive processes, which include working memory, attention, response inhibition and cognitive flexibility, require effort and conscious engagement, are acquired in the course of development, and decline with age. Throughout life, executive function can be challenged by intense or prolonged stress, and the dysregulation of these processes can reduce the quality of life and daily performance of otherwise healthy individuals. Furthermore, it has long been recognized that both acute stressful life events and chronic stressors are strong risk factors for the development of mental illnesses such as mood disorders (Beck, 2008; Kessler, 1997) , anxiety disorders and addictive disorders (Kessler et al., 1997) . Executive dysfunction is a common symptom of many of these psychiatric conditions that include depression, generalized anxiety disorder (GAD), obsessive-compulsive disorder (OCD), attention-deficit hyperactivity disorder (ADHD), post-traumatic stress disorder (PTSD), and addictive behavior (Baler and Volkow, 2006; Carvalho et al., 2014; Ferreri et al., 2011; Polak et al., 2012) . Given the consistent evidence discussed below that stress compromises executive abilities in healthy individuals and in animal models, it seems reasonable to infer that stress contributes to the executive dysfunction seen in these conditions. Indeed, an inverse correlation is found between resilience (or the capacity to respond positively to adverse situations) and indices of anxiety and depression (Holden et al., 2012; Wingo et al., 2010) . However, we also must acknowledge that in some cases, executive impairment may be a direct consequence of an underlying disease process independent of stress. In addition, it should also be recognized that executive dysfunction in itself can produce a stressful experience that can then exacerbate psychiatric illness secondarily, as has been shown with depression (Jaeger et al., 2006) .
A wealth of evidence derived from lesion and inactivation studies supports the idea that prefrontal cortical (PFC) regions (i.e., anterior cingulate, prelimbic, infralimbic, and orbitofrontal cortex in rodents, and Brodmann areas 24b, 32 and 25, as well as the orbital cortex in humans) are essential for optimal executive control (Baier et al., 2010; Barbey et al., 2013; Colvin et al., 2001; Drevets et al., 2008; Levens et al., 2014; Muller et al., 2002) . However, the PFC does not work in isolation, and a distributed network of connectivity with other regions such as the hippocampus, amygdala, striatum, and posterior parietal cortex is essential for modulating several aspects of executive function (Holmes and Wellman, 2009 ). Indeed, human fMRI studies of largescale interconnectivity networks identified the central executive
